The effects of various substances on the viability of freeze-dried cells of Pseudomonas fluorescens and Salmonella newport were studied during storage in vacuo for 5 years. Mixtures of two organisms were dried together and studied in two factorial experiments. The first was a complete factorial using six factors and two levels; the second was a fractional replicate with four factors at two levels and three others at four concentrations. A In a recent paper, Marshall et al. (2) reported on the effects of various gases on the preservation of dried bacteria during storage at controlled levels of water activity (a,). The present paper reports the principal results of similar experiments studying the effects of various substances on the death rates during storage under controlled conditions for periods up to 5 years. The substances selected previously were found by Scott (5) to affect the death rate during storage. He first hypothesized that a major cause of death in dried organisms was due to reactions between carbonyl compounds and amino side chains of cellular components including proteins. A preliminary account of some results has already been reported (4), and a fuller account giving details of the changes during drying as well as storage, the statistical procedures, tables showing the nature of many of the interactions, and appendices giving all estimates of viable cells has been documented elsewhere (3).
The effects of various substances on the viability of freeze-dried cells of Pseudomonas fluorescens and Salmonella newport were studied during storage in vacuo for 5 years. Mixtures of two organisms were dried together and studied in two factorial experiments. The first was a complete factorial using six factors and two levels; the second was a fractional replicate with four factors at two levels and three others at four concentrations. A study of ribose binding by cells of S. newport was made by using [U-14C Iribose. Substantial improvements in viability were obtained by drying in the presence of sucrose, glutamate, and semicarbazide. Low concentrations of ribose increased the death rate during drying, but these adverse effects were prevented by equimolar amounts of semicarbazide. Ribose binding increased with storage time and, although its incorporation changed, most of the increase in total ribose occurred after the main decrease in viability. Storage temperature caused larger changes in viability than did level changes of residual water in the cells. Although the results are complicated by a large number of interactions, they confirm and extend the hypothesis that reactions between carbonyl compounds and cellular components are a major cause of the mortality occurring during storage of dried microorganisms. A particular mixture of sucrose, glutamate, and semicarbazide is proposed as a means of reducing death when prolonged storage in the dry state is desired.
In a recent paper, Marshall et al. (2) reported on the effects of various gases on the preservation of dried bacteria during storage at controlled levels of water activity (a,). The present paper reports the principal results of similar experiments studying the effects of various substances on the death rates during storage under controlled conditions for periods up to 5 years. The substances selected previously were found by Scott (5) Preparation for drying and storage. The two organisms were dried together in the particular solute mixture and stored as described by Marshall et al. (2) . Saturated lithium chloride with crystals was used instead of a sulfuric acid solution in the second experiment to adjust the aw to 0.11. All the treatments were stored in vacuo in the dark in insulated cabinets at the particular temperature.
Viable counts. Viable counts were made before freeze drying, after drying, and after storage for 3, 9, 27, 81, and 243 weeks (256 in the second experiment) according to the method previously described (2). The viable numbers per milliliter were expressed as twofigure logarithms derived from the mean counts of duplicate plates.
Determination of ribose uptake by cells during storage. [U-'4CIribose was used to study uptake of ribose by dried cells of S. newport during storage. The ratio by weight of ribose to [U-"4Clribose was 100 to 1 at all levels of ribose. Portions of 1 ml of the cell/solute mixtures were dried and stored under controlled conditions (2) . In making determinations, the driedcell pellet was rehydrated with 10 ml of saline, and 0.1-ml portions of the suspension were used for the viable counts. After washing twice and suspending to 10 ml with saline, the`C count was determined on a 1.0-ml sample of the washed cells and an estimate for the total "4C was calculated. The washed cells from the remaining 9.0-ml portion were ruptured using 20-g ballotini beads and shaking for 0.5 h at 940 reciprocations/min. The beads were removed by filtration and the cell walls by centrifugation. The protein fraction was precipitated with 5% trichloroacetic acid and centrifuged out. After removal of most of the water from the nonprotein fraction, the determinations of l4C in the three fractions were made. All data have been corrected to give "4C counts per minute for total cells per ampoule.
RESULTS AND DISCUSSION First experiment. All the average main effects were very significant at the end of the storage for 243 weeks; this is shown by the mean log counts per milliliter in Table 1 . The general effect was that sucrose, glutamate, and semicarbazide were protective; ribose was damaging; storage at 10 C was better than at 30 C; and storage in the dry state better than at 0.20 a,.
These effects were conditioned by many interactions, the natures of which are shown by the means in Table 2 . There were more interactions for P. fluorescens than for S. newport, which maintained the higher average viability.
Second experiment. The 1/16th fraction gave only a small number, 64, of the full set, 1024, of treatment combinations so that there was no clear estimate of error, and not all first-order interactions were free from confounding. Hence, only the average main effects are given; they are shown by the treatment means in Table 3 . It appears that the addition of sucrose, glutamate, lysine, alanine, and semicarbazide was beneficial, ribose was damaging, and the levels of a, used made little difference.
The highest levels of sucrose and glutamate did not give any additional benefit. There was evidence of interaction between certain factors, just as in the first experiment, so these statements of effects require some qualification (3). P. fluorescens again suffered the greater mortality. Figure 1 plots the mean log counts for the 16 combinations of concentrations of glutamate and semicarbazide for P. fluorescens for two separate levels of ribose and four periods of storage.
From the top pair of diagrams in Fig. 1 it is clear that immediately after drying there is little effect of either glutamate or semicarba- 7 days. The increase of radioactivity approached a maximum after about 9 weeks of storage when 60 to 70% of the bound ribose was found in the intracellular protein fraction, 20% in the nonprotein fraction, and 5% in the cell walls as shown in Fig. 2 . It is also evident from Fig. 2 that the initial high rate of binding of radioactive ribose occurred when the rate of loss of viability was greatest. Other experiments showed that the addition of glutamate or sucrose (0.25 M) did not depress the rate and extent of ribose uptake even though viability was increased. On the other hand, the addition of semicarbazide prevented binding of ribose under similar conditions of storage. These results suggest some differences in the mechanism by which these three substances protect dried cells during storage. It was also shown that when S. newport was dried in 0.1 M sucrose and 0.1 M ribose and stored in vacuo over P205 for 9 weeks at 25 C, viability was reduced from 10.73 to 5.60 and some 5% of total ribose was bound by the cells. It is evident that these very dry storage conditions did not entirely prevent binding of ribose by the cells.
With justed to about pH 7. Storage in vacuo at a temperature of 10 C or lower and at levels of residual moisture corresponding to 0.1 a, should also assist when prolonged storage is desired.
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